This study examined children's (N 5 79; 9-10 years) and adolescents' (N 5 82; 15-16 years) ability to regulate their emotion expressions of anxiety as they completed a modified version of the Trier Social Stress Test for Children (TSST-C). Approximately half in each age group were internationally adopted from institutional care (N 5 79) and half were non-adopted, age-matched peers (N 5 82). Institutional care was viewed as a form of early life stress. Coders who were reliable and blind to group status watched videos of the session to assess anxiety expressions using the Child and Adolescent Stress and Emotion Scale developed for this study. Children exhibited more expressions of anxiety than adolescents, and youth adopted from institutions showed more expressions of anxiety than their non-adopted counterparts. The role of early life stress on observed anxiety expressions remained significant after controlling for differences in age, physiological stress responses measured through salivary cortisol reactivity, and self-reports of stress during the TSST-C. This suggests possible deficits in the regulation of expressive behavior for youth with early life stress histories, which cannot be explained by experiencing the task as more stressful.
Introduction
Emotion regulation, or the ability to regulate and manage one's emotional responses, is an important aspect of social development. Development of effective emotion regulation has implications for social competence and adjustment in Additionally, individuals who have experienced early life stress show difficulties in other areas of cognitive functioning, such as executive functioning, that correlate with the development of emotion regulation (e.g., Pollak et al., 2010) . Inhibitory control, or the ability to inhibit undesired responses, is an important executive function (Bruce, Tarullo, & Gunnar, 2009 ). Individual differences in inhibitory control are associated with children's ability to regulate their emotions (Bakracevic Vukman & Licardo, 2009; Carlson & Wang, 2007) . Indeed, emotion regulation has also been shown to correlate with neural activation patterns associated with exerting inhibitory control (Lewis, Lamm, Segalowitz, Stieben, & Zelazo, 2006) . Therefore, if children adopted from conditions of early life stress exhibit less competent emotion regulation, this may in part be due to problems in inhibitory control.
Emotion regulation has been identified as a key mediator between early experience and normative functioning in adulthood (Fonagy & Target, 2002) . However, we have little evidence that early life stress, without continued poor care, has a long-term effect on emotion regulation abilities into late childhood and adolescence. Although research suggests that emotion regulation becomes relatively stable by the second year of life (Eisenberg, Spinrad et al., 2010) , the work supporting these conclusions has been done with children in fairly consistent living conditions. Thus, it is possible that experiences of deprivation early in life could have significant ongoing effects on emotion regulation abilities, despite a drastic change in caregiving after infancy. To isolate the impact of early experience on the development of emotion regulation separate from continued adversity, this study focused on postinstitutionalized children as a model for the impact of early life stress. Internationally adopted youth typically experience inadequate or adverse care in orphanages or institutions followed by removal and placement into responsive care post-adoption (Tarullo, Bruce, & Gunnar, 2007) . Studies of parenting in families that adopt children internationally from orphanages generally show that parenting quality is in the good to excellent range (Garvin, Tarullo, Van Ryzin, & Gunnar, 2012) , thus, there is likely a vast shift in caregiving from orphanage care to adoptive family care. Therefore, children adopted internationally from institutions provide information regarding the long-term impact of early deprived care on emotion regulation several years after the transition to a supportive family environment.
This study used new measures and analyses to examine a sample of participants also included in an earlier study (see Hostinar, Johnson, & Gunnar, 2015) . The goal of this investigation was to examine whether children and adolescents adopted from conditions of early life stress were less competent at regulating their expressions of anxiety during a stress-eliciting task. Children and adolescents' anxiety expressions were scored as they executed the Trier Social Stress Test, a socio-evaluative laboratory stressor involving a public speaking task and a mental arithmetic task. Both tasks are filmed and the participants are told that the tasks will be scored by judges and shown to peers. The goal is to deliver the talk without displaying signs of stress and nervousness. Although participants were not explicitly told to regulate their emotions, doing well on the task requires them to manage their observable stress and anxiety to receive high ratings from the judges. Thus, youth's anxiety-related emotion expressions serve as evidence for their differing ability to regulate emotional expressions.
To help rule out the possibility that group differences were due to the task being more stressful for the early life stress group, we examined group differences in emotion expression while controlling for physiological (i.e., cortisol) and
ELS: Effects on Regulation of Anxiety Expression 779
V C 2015 John Wiley & Sons Ltd self-reported indices of perceived stress. Next we examined whether adolescents would be better at regulating their emotion expressions than children, and whether the difference between youth with early life stress backgrounds and non-adopted youth changed with age. Finally, we examined whether differences in inhibitory control mediated the effect of age and group status, suggesting that poor inhibitory control contributed to both children and adopted youths' reduced ability to regulate their emotion expressions.
Method

Participants
Participants included 161 youth in two groups: children and adolescents adopted from orphanages or other institutions termed the early life stress group (ELS, N 5 79) and children and adolescents reared in their birth families termed the nonadopted group (NA, N 5 82). Individuals in the ELS group spent at least 6 months in institutional care prior to adoption (duration M 5 21.33 months, SD 5 12.89; M 5 26.54 months of age at adoption, SD 5 15.44). Participants were recruited to reflect two different age groups: 9-and 10-year olds (categorized as children; M 5 9.83 years at testing, SD 5 .55) and 15-and 16-year olds (categorized as adolescents; M 5 15.81 years at testing, SD 5 .59). The Ns in each group were: 39 ELS children (20 female), 40 ELS adolescents (22 female), 40 NA children (20 female), and 42 NA adolescents (20 female).
The ELS group was recruited from a registry of families who had adopted children internationally in the upper Midwest region. Regions of origin were: IndoEurope (N 5 50), Southeast Asia (N 5 25), Latin America (N 5 3), and Africa (N 5 1). NA participants were recruited from a registry of parents in a major Midwest metropolitan region who were interested in having their children participate in research (region of origin for all NAs 5 United States). In the ELS group, about 80 percent of contacted families agreed to participate in the study. In the NA group, about 50 percent of the contacted families agreed to participate in the study. These percentages are similar to previous studies conducted within these populations. Strict exclusion criteria were followed to ensure that the recruited groups were representative of the ELS and NA populations. Participants were excluded if they had a diagnosis of fetal alcohol syndrome, any pervasive developmental disorder, or autism. Both groups were also screened for steroid use, as these medications may interfere with salivary cortisol levels.
Group differences in key demographic variables were examined, including household income, parental education, parental age, and marital status. There was no significant difference in household income level among ELS and NA children (F(1, 157) 
Procedure
The participants were accompanied by their parents to a laboratory session scheduled between the hours of 1530 h and 1630 h to control for daily fluctuations in cortisol levels. The session consisted of a modified version of the Trier Social Stress Test for Children, saliva collection, self-report levels of emotional arousal, and parent questionnaires. The study was approved by the University's Institutional Review Board and parents and youth provided informed consent and assent, respectively.
Trier Social Stress Test for Children. A modified version of the Trier Social Stress Test for Children (TSST-C)-a laboratory social and cognitive stressor-was administered to induce stress and emotional arousal in the participants (BuskeKirschbaum et al., 1997; Yim, Quas, Cahill, & Hayakawa, 2010) . The TSST-C consists of a public speaking and arithmetic task that is performed in front of a perceived audience of judges. After arrival, participants were given a 25-min period of relaxation to minimize any stress caused by travel or the new environment. After the waiting period, youth were taken into another room to begin the task. The task consisted of a 5-min speech preparation period, followed by a 5-min public speaking task and a 5-min oral subtraction task. Youth performed the speech and subtraction tasks in a room alone, facing a two-way mirror and a noticeable camera. They were informed that teachers were sitting behind the two-way mirror and would be judging the speech and mathematical portions for content and accuracy. Additionally, participants were told that the session was being recorded and would be shown to a classroom of their peers who would judge their performance against other youth of their same age. In reality, participants were played a digital recording of two teachers introducing themselves and giving instructions about the task. For the public speaking section, youth were instructed to prepare a speech that would be a sufficient introduction of themselves, including 'one good thing and one bad thing about yourself'. If a participant did not freely fill the whole 5 min of the task, s/he was prompted to continue by the experimenter. After the conclusion of the speech, youth completed the subtraction portion of the TSST-C. Children were required to subtract by 3s serially from 307. Adolescents were required to subtract by 7s serially from 758. If the participant got an answer wrong, they were asked to start over from the beginning. After 5 min, the experimenter ended the arithmetic section. At the end of the session, youth were debriefed. In addition, they were given positive feedback about their work and compensated for their time.
Anxiety Expression. The speech and arithmetic sections of the TSST-C were recorded and coded using the Child and Adolescent Stress and Emotion Scale (CASES) developed for this study (see Appendix). Due to video failure, nine participants (four ELS, five NA) were excluded from this analysis, leaving 152 participants. The CASES captured observed emotional behaviors on four indices (positive emotions, sadness/worry, anger/frustration, and anxiety-related emotions), although anxiety was the most prominent negative emotion and the focus of this analysis.
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Although all emotions were measured, they were not analyzed nor reported, as these emotions were not the goal of the present study. Three channels of anxiety expression were measured including bodily expressions (e.g., fidgeting and self-touch), vocal expressions (e.g., vocal quaking), and facial expressions (e.g., wincing or furrowed brow). Each participant was scored on a 4-point Likert scale (0 5 no observed expressions of anxiety, 1 5 mild expressions, 2 5 moderate expressions, 3 5 severe expressions) for each of the three channels of expression. These scores were averaged to create an overall anxiety expression score. Two coders blind to the participant's prior history scored the behaviors. The present study had good inter-rater reliability (28 overlapping tapes; ICC 5 .80).
Cortisol Reactivity. Salivary cortisol was collected at 0, 20, 40, and 60 min after the TSST-C. In the present analysis, the samples collected at 0 and 20 min after the task were used, representing reactivity to the TSST-C (for raw means, see Table 1 ; for a timeline of events in relation to saliva sample collection, see Figure 1 ). Participants were instructed to refrain from eating large, protein-filled meals or consuming caffeine for at least 2 h before each session (Slag, Ahmed, Gannon, & Nuttall, 1981) . The samples were collected by having the participant expectorate through a straw into labeled vials that were kept frozen at 2208 Celsius until assay. After study completion, samples were sent to Trier, Germany and were assayed in duplicate using a time-resolved fluorescence immunoassay (DELPHIA); intra-assay CV < 7 percent, inter-assay CV <10 percent. All samples were included in the same assay and batches were matched for age and group. Cortisol reactivity was defined as the difference between the initial sample and a sample collected 20 min after the TSST-C; given the delay for peak cortisol levels to appear in saliva.
Self-reported Emotion. Participants were asked to rate their perceived levels of stress during the speech and arithmetic portions of the TSST-C on the arousal dimension of the Self-Assessment Manikin (SAM); the SAM is a 5-point pictorial scale (Bradley & Lang, 1994; Lang, 1980) . Specifically, they noted how 'stressed' they felt while giving the speech and how 'stressed' they felt while doing the math (1 calm; 5 high stress). Participants separately rated the public speaking and arithmetic portions of the TSST-C 20-30 min after the task was completed and before they were debriefed. The mean level of self-reported stress during the speech portion was 3.49 (SD 5 1.14); the mean level of self-reported stress during the arithmetic portion was 3.79 (SD 5 1.13). The two scores were significantly correlated (r 5 .37, p < .001).
Inhibitory Control. Parents completed the Inhibitory Control subscale of the Early Adolescent Temperament Questionnaire-Revised (EATQ-R; Ellis & Rothbart, 2001) . The inhibitory control scale assesses the ability to suppress undesirable responses and plan before acting. Sample items include 'your son or daughter is able to stop him/herself from laughing at inappropriate times' and 'your son or daughter has a hard time waiting his/her turn to speak when excited'. Parents rated 5-items (3 reverse-scored) on a 5-point Likert scale ranging from almost always untrue to almost always true. These responses were averaged to produce an inhibitory control measure, higher scores indicating a greater capacity to plan and suppress undesirable emotions. In the present study, there was adequate internal reliability (Cronbach's a 5 .74). 
Results
Descriptive statistics for all study variables are displayed by group in Tables 1 and  2 . Observed anxiety expression was significantly correlated with a parent-reported measure of inhibitory control, but not significantly correlated with self-reported measures of stress and physiological reactivity during the TSST-C. The selfreported stress levels during both the speech and math sections of the TSST-C were highly correlated. A one-way between subjects analysis of variance (ANOVA) was conducted examining sex differences in observed anxiety expression; no sex differences were found (F(1, 151) 5 1.76, p 5 .42). Thus, sex was not included in subsequent analyses.
To test the effect of group status (ELS vs. NA) and age (children vs. adolescents), a two-way between-subjects ANOVA was performed (see Table 3 ). A main effect was found for group status such that ELS youth had higher scores of observed anxiety expression than NA youth. Additionally, there was a main effect of age on observed anxiety expression such that children had higher scores than adolescents. Group status and age did not significantly interact to predict observed anxiety expression.
A hierarchical multiple regression analysis was conducted to evaluate the impact of group status and age on observed anxiety expression while controlling for physiological (cortisol) and self-reported indices of stress experienced during the stressor task (see Table 4 ). Age group (0 5 children, 1 5 adolescents) was entered at the first step, self-reported stress during the speech and math tasks were entered at the second step, cortisol reactivity was entered at the third step, and group status (0 5 NA, 1 5 ELS) was entered at the final step. The linear combination of these predictors was significantly related to observed anxiety expression and accounted for a modest amount of variance in observed anxiety expression in the final step of the regression (see Table 4 ). Even after statistically controlling for physiological and self-reported indices of stress, group status significantly predicted observed anxiety expression levels. Additionally, age was a significant predictor of observed anxiety expression. Inhibitory control was examined as a mediator between both group status and age and participants' observed anxiety expression (see Figure 2) . ELS youth (b 5 2.27, p < .001) exhibited less inhibitory control compared with the NA group. Across groups, adolescents (b 5 .21, p < .01) showed better inhibitory control compared with children. Better inhibitory control was in turn associated with lower levels of observable anxiety expression (b 5 2.21, p < .01). As a test of mediation, bootstrapping was conducted (10 000 bootstrap samples) in MPLUS (v. 7; Muth en & Muth en, 1998 . Bootstrapping can yield more accurate estimates of the standard errors of the indirect effect (Shrout & Bolger, 2002 ). An effect size for the indirect effect was calculated using the proportion of the maximum indirect effect (Preacher & Kelley, 2011) . The 95 percent confidence interval for group status did not contain zero (CI: .02, .13; K 2 5 .06), indicating a significant indirect effect (see Figure 2) . Additionally, the 95 percent confidence interval for age group did not contain zero (CI: 2.01, 2.11; K 2 5 .05) indicating a significant indirect effect.
Duration of Institutional Care. Because both adoption status and duration of institutional care were of theoretical interest, we considered including both variables in the regression model by assigning scores of '0' to all non-adopted, comparison youth. However, this resulted in a very non-normal distribution of scores on the 'duration of institutional care' variable and created problems of multicollinearity because the group (ELS vs. NA) and duration of institutional care were reflections of one another (r 5 .75, p > .001). Therefore, we focused on group status (ELS vs. NA) in analyses of the total sample. Note that when only the adopted youth were analyzed, duration of institutional care was not significantly correlated with the anxiety expression variable (r 5 .11, p 5 .37), nor with other variables of interest, including age group (r 5 .06, p 5 .60), self-report measures of stress during the speech task (r 5 .19, p 5 .10), self-report measures of stress during the math task (r 5 .06, p 5 .63), cortisol reactivity (r 5 2.04, p 5 .76), and inhibitory control (r 5 .01, p 5 .94). Duration of institutional care was highly correlated with age at adoption (r 5 .76, p < .001). 
Discussion
These results revealed that children and adolescents who experienced early life stress in the form of institutional care had higher levels of observed anxiety expression than non-adopted youth in response to a socio-evaluative stressor. Furthermore, the results remained significant after controlling for cortisol reactivity and participants' perceived level of stress. This suggests that the differences in anxiety expression may have more to do with difficulties in regulating behavior than reflecting differences in the intensity of stress experienced. Additionally, children expressed more anxiety during the stressor than did adolescents, consistent with expectations that children get better at regulating the expression of emotions with development (Eisenberg, Spinrad et al., 2010) . Furthermore, because the ELS youth in this study likely lived in stable, well-resourced families for many years after infancy (reflecting a vast change in early caregiving), these results raise the possibility of a sensitive period early in life during which stressful conditions of care may produce lasting problems in the regulation of emotional expression. Finally, it is possible that this sensitive period affects the regulation of expressed emotion through effects on inhibitory control. We found evidence of an indirect effect of early life stress operating through inhibitory control on anxiety expression. One potential mechanism for continued deficits in the regulation of emotion expressions is alteration in brain development in youth adopted internationally from institutional care. Structural (Tottenham et al., 2010) and functional (Tottenham et al., 2011) differences in the amygdala and other portions of the limbic system, a brain region associated with emotion, have been observed in children who have experienced early life stress. Further, the connection between the limbic system and the prefrontal cortex is weakened in children with early stressful experiences Standardized parameter estimates reported. Group status (0 5 Non-Adopted, 15 Early Life Stress); age group (0 5 children, 1 5 adolescents). Estimates in parentheses depict the direct effect of institutionalization and age on observed anxiety expressions prior to the inclusion of the mediator. Note: **p < .01, ***p < .001.
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V C 2015 John Wiley & Sons Ltd (Govindan, Behen, Helder, Makki, & Chugani, 2010) , suggesting that difficulty in effectively regulating emotions could be accounted for by the inability of the prefrontal cortex to act as a 'suppressor' to the limbic system. This decreased communication between the two brain regions may account for the inability to minimize the expression of inappropriate or undesirable emotions. However, if this were the basis for the current findings, we would expect to find that children and adolescents who had experienced early life stress would have also exhibited larger cortisol responses to the TSST-C and reported feeling more stressed. However, this is not what we found.
We did find evidence that a parent-reported measure of inhibitory control mediated these relations. Previous research shows that children who had experienced early life stress also showed less inhibitory control and delays in goal-directed behavior (Hostinar, Stellern, Schaefer, Carlson, & Gunnar, 2012) . Attention-deficit/ hyperactivity disorder (ADHD) has long been associated with deficits in inhibitory control (Schachar, Mota, Logan, Tannock, & Klim, 2000; Schachar, Tannock, Marriott, & Logan, 1995) . Indeed, ELS children exhibit problems with inattention and over-activity at a greater rate than typically developing populations (Rutter, Kreppner, O'Connor, & the English and Romanian Adoptees Study Team, 2001) , and children who have experienced early life stress are diagnosed with ADHD at higher rates than the general population (Lindbald, Weitoft, & Hjern, 2010) . However, we should note that the present study used a parent-report measure of inhibitory control derived from the EATQ-R. Although such measures have been shown to correlate with laboratory tasks of inhibitory control, we might have obtained different results had we included neuropsychological tests of inhibitory control along with our parent-report measure.
It should be noted that there were no age group differences on duration of institutional care within the ELS group. Therefore, ELS adolescents have likely lived in their adoptive family homes longer than children, and are, thus, exposed to more overall instances of sensitive care. This could account for differences in emotion regulation abilities in ELS children and adolescents. However, although the interaction of group and age approached significance, at this point we have no conclusive evidence that age moderates the relation between early life stress and emotion expression regulatory competence. The failure to achieve traditional levels of significance might well be due to low power to assess this interaction. In the future, this study should be replicated with sufficient power to test for the interaction of age and group.
Deficits in emotion regulation may have repercussions for social functioning in late childhood and adolescence. Effective emotion regulation is associated with overall social competence. Specifically, emotion regulation abilities have been linked to success in peer relationships and generally positive social skills (Blair & Diamond, 2008; Eisenberg, Valiente, & Eggum, 2010) . Emotion regulation is also positively correlated with prosocial behavior in late childhood and adolescence (Carlo et al., 2012) . Furthermore, deficits in the ability to regulate emotions are related to many forms of maladjustment, including externalizing and internalizing problems (Eisenberg, Spinrad et al., 2010) . Therefore, less regulated emotionality may account for many problems that early life stress may create during the late childhood and adolescent years.
Because deficits in emotion regulation may have negative implications for development and social functioning, it is necessary for future studies to focus on developing intervention programs to improve emotion regulatory skills in youth who have experienced early life stress. Current interventions exist that could be adapted to fit this population. Interventions targeting emotion regulation and other aspects of executive function have been effective in the Head Start preschool program (Bierman, Nix, Greenberg, Blair, & Domitrovich, 2008; Izard et al., 2008) . However, many children growing up under conditions of high early life stress do not receive early intervention and therefore must rely on programs that target older age groups. A psychological intervention targeting 12-and14-year-olds improved many different factors of emotional development, including the regulation of emotion (Garaigordobil, 2004) . Interventions involving peers have also been successful in improving emotion regulation in both children and adolescents (Dishion & Tipsord, 2011) . These studies show promising avenues to building emotion regulation skills in late childhood and adolescence. Although interventions exist for both early childhood and later periods of development, they are not specifically tailored to the ELS population. Therefore, the degree to which these interventions are effective in populations that have experienced early life stress and deprivation and the identification of optimal timing will be important topics to address in the future.
It is also important to note that whereas being able to inhibit emotional expression in the context of a speech is adaptive, high emotion regulation may not necessarily relate to positive functioning in all situations. Over-controlled emotional expression, such as expressive suppression, can lead to maladaptive outcomes like anxiety, depression, and diminished social competence (Butler et al., 2003) . In the present study, we specifically looked at regulation in the context of a socio-evaluative task, where it was adaptive to dampen or hide expressions of anxiety or nervousness. Future studies should examine emotion regulation in other contexts to assess whether early life stress is associated with deficits in the regulation of emotion in those contexts. Youth who have experienced early life stress tend to develop behaviors more consistent with under-control of emotion (e.g., indiscriminate friendliness; Chisholm, 1998) rather than over-control, thus, lower expressivity in the present population was viewed as more adaptive functioning given the context of the task and the type of emotion regulation problems that are typical of youth who experience early life stress.
In this specific study, we are unable to disentangle emotion intensity from emotion regulation. Therefore, low emotion expressivity could have indicated low levels of experience, rather than successful regulation of anxious, nervous emotions. However, neither our biological (cortisol) nor self-report (SAM figure) measures indicate that the ELS group was more anxious or nervous than the NA group. Thus, these data do not support this alternative interpretation. Nonetheless, it cannot be ruled out. Future research should explore these alternative possibilities using momentary measures of perceived stress.
There are a number of limitations to this study. Firstly, as noted earlier, we were likely not sufficiently powered to confidently test the interaction of age and group. Secondly, although this study found a significant effect of early institutional rearing on anxiety expression, it cannot link specific aspects of early life stress to the deficit. Future studies should focus on aspects of early life stress (e.g., time spent in an institution, quality of care received, and so forth.) as potential moderators of emotion regulation abilities. The results of this study are also limited to one type of early life stress, that of early rearing in institutional care. In the future, other types of early life stress should be examined in relation to deficits in regulation. Future studies should also examine the effects of the life-course of family stress on regulation of emotion expression, as this study only addresses early life stress as a predictor of emotion regulation deficits. The combination of early life experiences, as well as current family stress and the quality of parenting received after adoption, may account for a more nuanced view on how ELS affects the
ELS: Effects on Regulation of Anxiety Expression 789
V C 2015 John Wiley & Sons Ltd ability to regulate emotional responses throughout childhood and adolescence. Additionally, due to the ELS group's international origins, there were differences in the racial and ethnic backgrounds of the ELS and NA groups. Future research should include an ethnically diverse comparison sample whose parents are of the same education and income, to rule out racial/ethnic differences in the ability to regulate emotion expressions. Lastly, this study did not perform a manipulation check to test whether the task was believable to participants. Future research should incorporate this type of comprehension check in their research protocol.
Despite these limitations, the findings of the present study suggest that both age and early life stress play a role in children and adolescents' abilities to regulate their expression of anxiety. Furthermore, the effects of both age and previous institutionalization on emotion expression were partially mediated by inhibitory control. Future work should focus on developing intervention programs specific to improving emotion regulatory abilities in this population.
